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Abstract
Recent studies of cerebral pathology in patients with schizophrenia have focused on symptomatological and
electrophysiological correlates of reduced temporal lobe structure volumes. Volume deficits of the left superior
temporal gyrus have been correlated with auditory hallucinations as well as to left-sided P300 amplitude reduction.
However, caution is needed to interpret correlational data as evidence of a specific relationship. Therefore, a controlled
study was undertaken on schizophrenic patients with and without auditory hallucinations.
MRI-defined volumes of the left superior temporal gyrus and other temporal lobe structures were quantified from
3-mm coronal slices in 15 schizophrenic patients with chronic auditory hallucinations (hallucinators), 15 schizophrenic
patients without auditory hallucinations (nonhallucinators) and 17 healthy controls. In all subjects a simple oddball
paradigm was used to elicit P300 responses at temporal and centro-parietal electrode sites.
No evidence was found for volume reductions of temporal lobe structures in the combined patient group compared
with controls, or in the hallucinators compared with the nonhallucinators. The patients did show left P300 amplitude
reduction compared with controls, particularly in the hallucinator group. Correlations between volumes of left
temporal lobe structures and left P300 amplitudes were low and not significant.
The results of the present study do not indicate that auditory hallucinations and associated abnormal electrophysio-
logical activity are the consequence of atrophy of localized temporal lobe structures. However, replication in a larger
sample of subjects is needed before firm conclusions can be drawn. © 1999 Elsevier Science B.V. All rights reserved.
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potentials
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1. Introduction The general goal of the study was to further
explore whether schizophrenia and auditory hallu-
cinations are related to structural and electrophysi-Recent quantitative magnetic resonance imaging
(MRI) studies of cerebral pathology in patients ological abnormalities of the temporal regions.
The specific goal of the study was to test thewith schizophrenia have focused on possible
volume reductions of temporal lobe structures. In hypothesis that auditory hallucinations in schizo-
phrenia are related to volume reductions of thea recent review, Chua and Mckenna (1995) con-
cluded that about half of the studies demonstrated left anterior STG.
reduced volumes of temporal lobe structures, pre-
dominantly left-sided, while in the other half of
the studies no significant volume deficits were 2. Methods
found. These divergent results are possibly related
to the syndromal heterogeneity of schizophrenia. 2.1. Subjects
According to the conceptual framework of func-
tional psychopathology (Van Praag, 1993, 1997), Three groups of subjects were studied. The index
group consisted of 15 right-handed schizophrenicbiological abnormalities are more likely to be
linked with symptoms (and underlying psychologi- patients, seven males and eight females, with
chronic auditory verbal hallucinations (thecal dysfunctions) than with syndromes. In recent
years, several studies have been conducted on the hallucinators). Chronic was defined as persistent
hallucinations present for at least the past 6association between structural abnormalities in the
temporal lobe and specific symptoms (Barta et al., months. This patient group had a mean age of
37.6 years (SD=7.7, range=20.9–52.4) and a1990; Shenton et al., 1992; Menon et al., 1995).
The present study focuses on the association mean height of 172.6 cm (SD=4.9, range=
164–181). Their mean chlorpromazine equivalentbetween auditory hallucinations and volume defi-
cits of temporal lobe structures. Barta et al. (1990) daily dose of neuroleptic medication was
316 mg/day (SD=251, range=0–875) and theyreported that volume deficits of the anterior part
of the left superior temporal gyrus (STG) were had a mean total score of 42.9 (SD=11.0, range=
28–63) on the Brief Psychiatric Rating Scalestrongly and selectively correlated with severity of
auditory hallucinations. This finding is interesting, (BPRS) (Overall and Gorham, 1962). A second
group of patients consisted of 15 right-handedbecause the left STG forms the core of what is
traditionally known as Wernicke’s area, a region schizophrenic patients, eight males and seven
females, who had never experienced auditory hallu-that is thought to play an important role in the
processing of speech and language functions cinations (the nonhallucinators). This patient
group had a mean age of 35.0 years (SD=9.2,(Penfield and Perot, 1963; Tranel, 1992). Electro-
physiological studies on event-related potentials range=23.0–56.7) and a mean height of 172.4
(SD=7.0, range=162–186). They used a mean(ERP) in schizophrenia have shown that volume
reduction of the left STG is correlated with P300 chlorpromazine equivalent daily dose of
291 mg/day (SD=133, range=0–500) and had aamplitude reduction at left temporal sites
(McCarley et al., 1993; Egan et al., 1994). mean total BPRS score of 45.9 (SD=9.8, range=
31–63). All patients were outpatients, recruitedTogether, these findings suggest that in patients
with schizophrenia, volume reduction of the left from the local Community Psychiatric Service and
from the two catchment area psychiatric hospitals.STG is linked to auditory hallucinations, as well
as to electrophysiological disturbances. Caution, The DSM-IV diagnoses were reached by consensus
of the referring psychiatrist and the research team,however, is needed to interpret correlational data
as evidence of a specific relationship. We therefore using the Composite International Diagnostic
Interview (CIDI) (Robins et al., 1988).decided to carry out a controlled study with two
groups of patients with schizophrenia, that differed A control group of 17 right-handed healthy
volunteers was recruited through local newspaperonly in the presence of auditory hallucinations.
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advertisements. Mean age was 37.2 years (SD= to define the anterior and posterior extent of all
regions were taken from Shenton et al. (1992). In9.1, range=21.2–53.2). Controls (eight males and
nine females) had no history of psychiatric diseases order to make comparison with the study of Barta
et al. (1990) possible, the left anterior STG wasor history of use of psychotropic medication. The
absence of psychiatric symptomatology was examined separately. This area was defined as the
added volumes of the first three slices of the leftchecked by applying the CIDI.
Exclusion criteria for all three groups were any STG. Discrimination of the amygdala and hippo-
campus was difficult in some slices. Therefore, wehistory of CNS illness, head injury that had caused
unconsciousness for more than 1 h, alcohol or decided to divide the amygdala–hippocampus
complex into the amygdala–anterior hippocampusdrug abuse over the past 12 months, and loss of
25% or more of original body weight over the past and the posterior hippocampus. The most anterior
slice of the latter was defined as the slice showing12 months. Written informed consent was obtained
from all subjects. the largest diameter of the mammillary bodies.
The subiculum was included in the measurementThere were no statistically significant differences
between the three groups in height, age and sex of the hippocampus. The temporal lobe included
the anterior temporal pole. Due to limitations ofratio. Also, between the two patients groups there
were no significant differences in BPRS total score spatial resolution separate measurement of white
matter and gray matter in the STG and the PHGand mean dosage of neuroleptic medication.
was not possible. All regions of all subjects were
measured by the same rater, under blind condi-2.2. Magnetic resonance imaging
tions. To determine reliability of the measurements,
all regions in a subset of eight subjects wereImages were acquired on a 1.5 Tesla MRI scan-
ner (Philips ACS). The scanning protocol con- remeasured after at least 3 weeks by the same rater
and intraclass correlation coefficients were calcu-sisted of a coronal inversion recovery T1 weighted
sequence, perpendicular to the long axis of the lated. Reliability of measurement of left and right
posterior hippocampus on both sides were consid-hippocampus (TR/TI/TE 2107/300/18 ms, matrix
256×179, FOV 23 cm, NEX 2, turbofactor 3, ered insufficient (r<0.75), and volumes of these
structures were excluded from further analysis.3-mm thick contiguous slices, acquisition time
6:53 min). The images were transferred to a stand- The intraclass correlation coefficients of the
remaining structures ranged from 0.85 to 0.98alone SUN workstation and examined with a
semiautomated Gyroview software package con- (mean 0.90), indicating excellent test–retest
reliability.taining a manual contouring function using a
mouse. After outlining the regions of interest
(ROIs) in contiguous slices, volumes were calcu- 2.3. Event-related potentials
lated by multiplying the areas by the slice thickness
and adding contiguous slices. A simple auditory oddball paradigm was used
to elicit P300 responses. Targets were high tonesROIs were the amygdala, hippocampus, superior
temporal gyrus (STG), parahippocampal gyrus (2000 Hz, 80 dB, 100 ms) pseudorandomly distrib-
uted within a stream of nontarget low tones(PHG) and the temporal lobe. Anatomic guide-
lines for delineation of the ROIs were established (1000 Hz, 80 dB, 100 ms). The total number of
stimulus presentations depended on the number ofusing whole brain sections and coronal serial
sections (provided from the Laboratory of artefact free target trials which was set at 32. The
interstimulus time was 1000 ms and target andPathological Anatomy of the Academic Hospital
Maastricht), neuroanatomy atlases (Duvernoy, nontarget stimuli appeared with a probability of
15 and 85%, respectively. Subjects were requested1988; Nieuwenhuys et al., 1988) and previously
published guidelines on MRI volume measure- to press a hand-held button when they detected a
target stimulus. They were instructed to respondments of temporal lobe structures ( Watson et al.,
1992; Bartzokis et al., 1993). The landmarks used without any emphasis on a speeded response,
154 R. Havermans et al. / Schizophrenia Research 38 (1999) 151–158
limiting the possible contamination of the P300 the anterior part of the left STG revealed no
significant differences between patients and con-with motor potentials. Single trial, 800 ms EEG
epochs, starting 100 ms before stimulus onset were trols ( p=0.43), and between hallucinators and
nonhallucinators ( p=0.11) (Table 1).recorded and stored from 22 electrode sites using
linked ears as a reference. The sample rate was Two way analysis of variance on left and right
P300 amplitudes revealed group effects at the67 Hz, bandpass was between 0.15 Hz (36 dB/
octave) and 70 Hz (12 dB/octave). Eye-movements central electrode sites (CP1/CP2 and C3/C4).
Effects for hemisphere were found at C3/C4 andwere recorded on a separate channel and trials
with blinks or EOG >50 mV were discarded. P3/P4 ( left<right). Significant group-by-hemi-
sphere interaction was found at CP1/CP2 andSimilar to the study of McCarley et al. (1993),
apart from the standard 10–20 positions the TCP1/TCP2 (Table 2). Follow-up univariate F
tests with a priori contrasts revealed P300 ampli-following sites were also included: TCP1 placed at
the intersection of C3-T5 and P3-T3; and CP1, tude reductions in the combined patient group
compared with healthy controls at TCP1 ( p=placed at the midpoint of the diagonal formed by
Cz-P3. Homologous sites were used on the contra- 0.006), C3 ( p=0.007) and CP1 ( p<0.001), and
in the hallucinators compared with the nonhalluci-lateral side. Peak P300 amplitudes were measured
from temporal and adjacent centro-parietal nators at C3 ( p=0.05).
ERP waveforms at these sites are shown inelectrode sites: T3/T4, T5/T6, TCP1/TCP2, C3/C4,
P3/P4 and CP1/CP2. Fig. 1. Correlations between left ROI volumes and
left P300 amplitudes in the combined patient group
were low and not significant.2.4. Statistical analysis
Data were analysed with two way univariate
analyses with ‘group’ as between subject-factor 4. Discussion
and ‘hemisphere’ as within subject-factor. In volu-
metric analyses, height was used as a covariate, to We studied temporal lobe structure volumes and
P300 amplitudes in a well diagnosed group ofcontrol for differences in brain size. Subsequent
one way ANOVAs with a priori contrasts (all schizophrenic patients with chronic auditory hallu-
cinations in comparison with a group of schizo-patients vs controls; hallucinators vs nonhallucina-
tors) were conducted in cases of significant group phrenic patients without auditory hallucinations
and a group of healthy controls.effects or group-by-hemisphere interactions. A sim-
ilar analysis was conducted on group mean vol- Contrary to the initial hypothesis, we did not
find that the symptom of auditory hallucinationsumes of the anterior part of the left STG. Pearson
correlations were used to assess the predicted in schizophrenia is related to a volume reduction
of the anterior part of the left STG. This findingrelationship between (absolute) volumes of selected
left ROIs and left P300 amplitudes in the combined is in contrast with a previous study (Barta et al.,
1990). There are important differences betweenpatient group. In light of the modest sample size
and the explorative character of the study, alpha this study and the present one in subject selection,
symptom definition, and methods of analysis.was set at 0.05 for all tests (two-tailed).
Firstly, we studied groups of male and female
patients, while in the above-mentioned study only
male patients were included. It has been reported3. Results
that brain abnormalities are more prominent in
males with schizophrenia (Nopoulos et al., 1997).Two way analysis of variance on ROI volumes
showed no effect of group or group-by-hemisphere The number of subjects was too modest to make
meaningful comparisons of gender. Secondly, weinteraction. An effect of hemisphere was demon-
strated only for STG volumes ( left<right). The focused on chronic auditory hallucinations instead
of a presumably more state-dependent severityhypothesis-driven comparison of mean volumes of
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Table 1
MRI measures in patients with and without auditory hallucinations and healthy controls
Group 1 Group 2 Group 3 Two way
Hallucinators Nonhallucinators Controls ANOVA
(n=15) (n=15) (n=17)
Group Hemisphere Interaction
(df=2,44) (df=1,44) (df=2,44)
Brain region Mean SD Mean SD Mean SD F p F p F p
Superior temporal gyrus L 15.96 2.26 14.94 2.14 15.55 1.62
R 17.17 2.03 15.67 1.73 16.30 1.69
2.43 0.10 7.87 0.007 0.24 0.79
Parahippocampal gyrus L 6.02 0.71 5.77 0.95 5.52 0.48
R 6.35 0.63 5.78 0.94 5.69 0.72
2.93 0.06 3.39 0.07 0.96 0.39
Anterior amygdala- L 2.16 0.45 2.01 0.55 1.96 0.42
hippocampus R 2.35 0.75 2.02 0.61 1.95 0.42
1.92 0.16 0.65 0.43 0.55 0.58
Temporal lobe L 80.45 8.21 77.32 10.77 77.65 6.01
R 81.62 7.48 77.32 8.95 78.73 8.24
0.96 0.39 0.70 0.41 0.22 0.80
Left anterior superior 2.42 0.41 2.20 0.37 2.22 0.32 — — — — — —
temporal gyrus
Table 2
P300 amplitudes (mV ) in patients with and without auditory hallucinations and healthy controls
Group 1 Group 2 Group 3 Two way
Hallucinators Nonhallucinators Controls ANOVA
(n=15) (n=15) (n=17)
Group Hemisphere Interaction
(df=2,44) (df=1,44) (df=2,44)
Electrode site Mean SD Mean SD Mean SD F p F p F p
T3 6.49 2.90 7.41 4.53 7.71 3.65
T4 6.28 2.37 8.03 3.49 8.25 4.35
1.12 0.33 0.57 0.45 0.45 0.64
T5 9.32 4.21 10.87 5.23 11.35 3.95
T6 10.23 4.87 13.62 8.30 10.40 5.37
1.67 0.20 0.52 0.47 1.58 0.22
TCP1 7.41 3.70 9.87 5.50 13.16 5.57
TCP2 10.04 3.67 11.32 4.89 11.91 6.49
3.05 0.06 2.18 0.15 5.73 0.006
C3 6.48 3.69 10.27 6.77 12.86 5.00
C4 10.84 3.91 12.51 7.45 13.88 7.78
3.14 0.05 19.96 <0.001 2.58 0.09
P3 11.02 5.33 14.10 7.40 14.25 6.69
P4 14.60 8.29 17.79 9.72 19.22 8.58
1.58 0.22 11.23 0.002 0.35 0.70
CP1 9.20 3.64 11.83 6.70 18.53 4.90
CP2 12.27 4.84 13.51 8.45 16.38 8.71
5.70 0.006 1.47 0.23 5.06 0.01
score for auditory hallucinations (Barta et al., compared two groups of patients that differed only
in the specific symptom assessed. Fourthly, there1990). Thirdly, the associations reported in this
study were based on correlation analyses while we are differences in the way that variations in brain
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Fig. 1. Average ERP responses on targets and nontargets for patients with and without auditory hallucinations and healthy controls.
size were controlled for. Volumes were corrected Shenton et al., 1992), but in line with others (e.g.
Young et al., 1991; Kulynych et al., 1996).for differences in whole brain volume (Barta et al.,
1990), while we corrected for differences in brain Differences in subject selection, delineation of
ROIs and image acquisition and the potential forsize by using height as a covariate. As suggested
by Arndt et al. (1991), height is a reasonable Type I and Type II errors may have contributed
to the disparate results. One point of considerationmeasure for premorbid brain volume, as it is
closely correlated with brain size in normal subjects with our study was that we were not able to
separate gray matter from white matter, due toand is unlikely to be influenced by pathological
processes affecting the brain. Possibly, our nonrep- limitations of spatial resolution. It has been
reported that in schizophrenia, gray matter deficitslication is due to these methodological differences.
It can be questioned whether lack of power is a are more pronounced than white matter deficits
(Zipursky et al., 1992, 1994). These reported defi-main reason for the nonsignificant findings.
However, there were not even trends in the hypoth- cits, however, were not restricted to temporal lobe
structures but were more widespread. This leavesesized directions and the largest mean volume of
the left anterior STG was found in the hallucinator unsettled the issue whether localized temporal lobe
volume deficits in schizophrenia exist.group. Given that there are more negative studies
(DeLisi et al., 1994; Zipursky et al., 1994), it seems Our finding of P300 amplitude reductions at left
centro-parietal sites in patients with schizophreniafair to conclude that replication in a larger sample
size is necessary before firm conclusions can be compared with controls has to be interpreted with
caution, because we did not correct for multipledrawn.
In the explorative part of the study we found comparisons. This finding, however, is consistent
with earlier reports (Morstyn et al., 1983; Fauxno evidence for volumetric deficits of temporal
lobe structures related to schizophrenia or to audi- et al., 1988; for a recent review see Salisbury et al.,
1998). This left P300 asymmetry was most pro-tory hallucinations. The former finding is in con-
trast with some studies (e.g. Bogerts et al., 1990; nounced in the hallucinator group. Neither in the
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Barta, P.E., Pearlson, G.D., Powers, R.E., Richards, S.S., Tune,hallucinators nor in the nonhallucinators, were
L.E., 1990. Auditory hallucinations and smaller superior tem-volumes of the left ROIs associated with any of
poral gyral volume in schizophrenia. Am. J. Psychiatry 147,the selected left-sided P300 amplitudes. The pre-
1457–1462.
viously reported association between left STG Bartzokis, G., Mintz, J., Marx, P., Osborn, D., Gutkind, D.,
volume and P300 amplitude at T3 may be present Chiang, F., Phelan, K., Marder, S.R., 1993. Reliability of in
only in a subgroup of schizophrenic patients with vivo volume measures of hippocampus and other brain struc-
tures using MRI. Magnet. Reson. Imaging 11, 993–1006.reduced left STG volume (McCarley et al., 1993).
Bogerts, B., Ashtari, M., Degreef, G., Alvir, J.Ma.J., Bilder,It is important to realize that although the STG
R.M., Liebermann, J.A., 1990. Reduced temporal limbicplays an important role in the generation of the
structure volumes on magnetic resonance images in first epi-
P300 waveform, it is assumed that other brain sode schizophrenia. Psychiatry Res.: Neuroimaging 35, 1–13.
regions including frontal and parietal areas also Chua, S.E., McKenna, P.J., 1995. Schizophrenia—a brain dis-
make a substantial contribution (Halgren et al., ease? A critical review of structural and functional cerebral
abnormality in the disorder. Br. J. Psychiatry 166, 563–582.1986; Knight et al., 1989; Wood and McCarthey,
DeLisi, L.E., Hoff, A.L., Neale, C., Kushner, M., 1994.1985).
Asymmetries in the superior temporal lobe in male and femaleIn conclusion, taking into account some method-
first-episode schizophrenic patients: measures of the planumological limitations and the limited sample size,
temporale and superior temporal gyrus by MRI. Schizophr.
the results of the present study do not indicate Res. 12, 19–28.
that auditory hallucinations and associated abnor- Duvernoy, H.M. (1988) The Human Hippocampus: An Atlas
mal electrophysiological activity are the conse- of Applied Anatomy. J.F. Bergmann, Munchen.
Egan, M.F., Duncan, C.C., Suddath, R.L., Kirch, D.G.,quence of atrophy of the STG and other localized
Mirsky, A.F., Wyatt, R.J., 1994. Event-related potentialtemporal lobe structures. In line with the concept
abnormalities correlate with structural brain alterations andof disordered functional connectivity in schizo-
clinical features in patients with chronic schizophrenia.phrenia ( Weinberger et al., 1992; McGuire and
Schizophr. Res. 11, 259–271.
Frith, 1996), McGuire et al. (1995) have hypothe- Faux, S.F., Torello, M., McCarley, R.W., Shenton, M.E.,
sized that the generation of auditory hallucinations Duffy, F.H., 1988. P300 in schizophrenia: confirmation and
is associated with aberrant connectivity in a net- statistical validation of temporal region deficit in P300 topog-
raphy. Biol. Psychiatry 23, 776–790.work of cortical language areas. Future studies,
Halgren, E., Stapleton, J.M., Smith, M., Altafullah, I., 1986.incorporating a larger sample size and using struc-
Generators of the human scalp P3. In: Gracco, O., Bodistural as well as functional imaging techniques, are
Wollner, J. (Eds.), Evoked Potentials. Alan Liss, New York,needed to further test this hypothesis and gain
pp. 269–284.
further insight into the neurobiological basis of Knight, R.T., Scabini, D., Woods, D.L., Clayworth, C.C., 1989.
auditory hallucinations. Contributions of temporal–parietal junction to the human
auditory P3. Brain Res. 502, 109–116.
Kulynych, J.J., Vladar, K., Jones, D.W., Weinberger, D.R.,
1996. Superior temporal gyrus volume in schizophrenia: aAcknowledgments
study using MRI morphometry assisted by surface rendering.
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